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Description 

The present invention relates to a method of sep- 
arating particulate material using a rotational sepa- 
rator which is capable of separating small solid or 
fluid particles having a cross-sectional dimension 
of about 5 to about 0.1 jim, from gases. 

Due to the action of the centrifugal force particu- 
late material dispensed in a gas which is brought into 
rotation when passed through a separation channel 
of a centrifugal separator, moves radially, away 
from the axis of rotation towards a radial boundary 
which extends parallel to the axis of rotation and 
formes the outer boundary of the separation chan- 
nel in the centrifugal separator. The outer boundary 
of the separation channel serves as a means for 
collecting those particles which were able to reach 
and settle at this boundary and which can subse- 
quently be removed from the gas flowing parallel 
along the collecting boundary. 

The resultant velocity with which particles move 
radially can be assessed from a balance of the cen- 
trifugal force acting on the particles and the oppos- 
ing drag force executed by the gas on the particle 
as a result of relative motion between the particles 
and the gas. The extent to which particles can reach 
the collecting boundary can be assessed from the 
time for a particle to reach the collecting boundary 
in combination with the residence time, the time for 
the gas to pass through the separation channel. 

Employing centrifugal accelerations of the order 
of thousand times the earth gravitational accelera- 
tion, one may calculate that particles dispensed in 
air and having a diameter of about 5 urn and specific 
mass of about 2000 kilograms per cubic metre, will 
move radially with a velocity of the order of about 1 
metre per second. Assuming an axial velocity of the 
carrier gas of 5 metres per second, all such parti- 
cles are able to reach the outer boundary when the 
axial length of the separation channel is of the order 
of five times the radial width of the separation chan- 
nel. This corresponds to the dimensions of separa- 
tion channels of commonly proposed centrifugal 
separators (US-A-4,23 1,771). 

However, in order to separate particles in the mi- 
cron and submicron range, a number of special re- 
quirements are to be met; requirements which are 
not satisfied by previously proposed centrifugal 
separators. To make this apparent it Is noted that 
centrifugaily induced radial velocities decrease 
considerably with diameter of the particles. For par- 
ticles with diameters of 1 and 0.1 urn, respectively, 
and other conditions equal to those indicated 
above, one may calculate centrifugaily induced radi- 
al migration velocities as small as 0.05 and 0.0005 
m/s, respectively. Maintaining an axial velocity of 
the carrier gas of 5 metres per second, such parti- 
cles are able to reach the outer boundary when the 
axial extent of the separation channel is as large as 
hundred times and tenthousand times the radial 
width of the channel, respectively. 

"me ratio of axial length to radial width which is 
necessary to collect micron-sized and submicron- 
sized particles can be reduced by increasing the 
centrifugal acceleration and decreasing the gas ve- 
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loclty but the change in these parameters is limited 
because of Increased pressure loss over the sepa- 
rator and reduced throughput per unit area Cen- 
trifugal separators aimed for separating economi- 

5 cally micron-sized and submicron-sized particles 
from gases involve radial migration velocities which 
are considerably less than the axial throughput ve- 
locity, and axlally extending separation channels 
which are considerably longer than their radial 

10 width. 

As centrifugaily induced radial velocities of mi- 
cron-sized and submicron-sized particles are very 
small, small perturbations in the flow of the carrier 
gas may disturb the process of migration of such 

15 particles towards the outer boundary and prevent 
such particles from settling down at this boundary. 
A flow situation necessary for separating micron- 
sized and submicron-sized particles is obtained 
when the gas passes through the separation chan- 

20 nel in a laminar flow. Laminar flow Is generally 
achieved when the Reynolds number of the flow 
through the channel is smaller than 2400, prefer- 
ably smaller than 2300. The Reynolds number is 
given by 

25 

; W 0 % 

Re - * 

30 V 

where w 0 Is the average axial velocity of the gas 
flow through the channel, v is the kinematic viscosi- 
ty of the carrier gas and dH Is the hydraulic diame- 
35 ter of the channel. The hydraulic diameter follows 
from the equation 

d H = 4A/S, 

40 where A Is the cross-sectional area through which 
the gas flows and S the length of the curve enclos- 
ing the cross-section. For a circular pipe, dH Is 
equal to the diameter. For a channel formed by nar- 
rowly spaced annular plates, dH is equal to twice the 

45 distance between the plates. 

A typical value for the kinematic viscosity of gas- 
es is that of air which Is approximately equal to 1 .8 x 
10-s meter squared per second. Assuming an aver- 
age axial velocity of 5 metres per second, a state of 

50 laminar flow can be obtained by employing a hydrau- 
lic diameter of less than 8 millimetres. In the case of 
a separation channel consisting of a circular pipe, 
this would require the diameter of the pipe to be less 
than 8 millimetres. In the case of a separation chan- 

55 nel which is constituted of annular walls, under the 
quoted conditions the distance between the walls 
should be less than 4 millimetres. 

Generally, if- the Reynolds number is larger than 
2400, the flow is no longer stable due to perturba- 

60 tions. Experiments have shown that secondary 
flows develop which can involve radial fluctuating 
velocities as large as one tenth of the axial through- 
put velocity and which are detremental to the pro- 
cess of migration and settling of micron-sized and 

65 submicron-sized particles. Centrifugal ^parators 
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aimed at collecting particles in the micron and submi- 
cron range require separation channels of small ra- 
dial width such that laminar flow exists. 

Another factor causing secondary flow which 
can affect the separation process is rotation of the 
gas which Is different from that of the surrounding 
boundaries of the separation channel. Differential 
rotation can be reduced by applying separation 
channels whose cross-sections are bounded by sin- 
gle curves. In the case of annular cylinders, this in- 
volves adding at least one azimuthal partition wall 
within the annulus, thus preventing the flow from 
making an entire swirl around the axis of symmetry 
of the device. The small radial width of separation 
channels having singly-connected cross sections, 
which is pertinent to laminar flow, ensure that differ- 
ential rotations of the gas at the entrance of the 
separation channel are small and that these differ- 
ential rotations decay smoothly with distance from 
the entrance and do not affect the migration and 
settling of small particles. 

As the cross-sectional dimension of a laminar 
flow channel is small, the amount of gas which can 
be stripped from particles in such a channel Is limit- 
ed. Combining a large number of channels in one ro- 
tating unit provides a means for handling large 
amounts of gas to be cleaned. The channels can be 
dimensioned such that the previously identified con- 
ditions for separating small particles are satisfied. 
The large number of axially extending separation 
channels allows large amounts of throughput Fur- 
thermore the separator of the invention is limited in 
size and is simple of design. 

In the present invention account has been taken 
of the afore stated conditions necessary for sepa- 
rating small solid or fluid particles having a cross- 
sectional dimension of 5 micron to 0.1 urn form gases 
using centrifugation. The invention relates to a 
method of separating particulate material having a 
cross-sectional dimension from about 0.1 to about 5 
micrometer from gas using a rotational separator 
comprising:, a housing having a gas inlet, a gas out- 
let, and an outlet for separated particulate material; 
a centrifuge mounted for rotation in said housing 
and comprising separation channels which extend 
parallel to a common rotation axis; and means for ro- 
tating the centrifuge, wherein the separation chan- 
nels are provided with singly-connected cross sec- 
tions over a substantial part of the axial separation 
channel length, and the hydraulic diameter of the 
separation channels and the average axial gas ve- 
locity are selected in mutual dependence such that 
the Reynolds number is less than 2400 so that the 
gas passes through the separation channels In a 
laminar flow. 

Preferably the Reynolds number is less than 
2300. 

In a first practical embodiment of the separator 
of the invention, the separation channels consist of 
at least hundred, preferably thousand and more 
channels having a circular cross section, or chan- 
nels having a non-circular cross-section, extending 
axially and arranged parallel to the rotation axis. In a 
second practical embodiment of the separator of 
the invention the centrifuge comprises a massive 



cylinder perforated by at least hundred, preferably 
thousand and more axially extending channels ar- 
ranged parallel to the rotation axis. 

In a third practical embodiment of the separator 

5 of the invention the centrifuge comprises at least 
ten, preferably 30 and more narrowly spaced con- 
centric cylinders and each annulus between two ad- 
jacent cylinders Is divided by at least one azlmuth- 
aly placed axially extending partition. 

10 Solid particles which settle at the outer collecting 
boundary of a separation channel are subjected to 
shear forces executed by the gas, such forces 
increasing with decreasing width of the channel 
through which the gas flows. Due to continuous 

15 application of the centrifugal force, however, 
particles are subjected to wall friction which Is 
larger than the gas friction, thus preventing reen- 
trainment of particles In the gas flow. Separated 
particles can be removed by stopping the rotation 

20 of the channels, placing these vertically and em- 
ploying the action of gravity or washing. In case of 
coagulation to the walls release of particles from 
the wall can be enhanced by mechanical or acoustic 
vibration. 

25 In the case of fluid particles or droplets, a fluid 
film develops at the collecting boundary of the sepa- 
ration channel. If the rotating device is installed 
with its axis of rotation vertically, collected fluid 
flows downwards as a result of gravity, and due to 

30 the centrifugal force, is propelled outwards when 
leaving the separation channel. In the housing 
means can be employed for continuous transporta- 
tion of the separated fluid. 

Fluid which is propelled outwards when leaving 

35 any separation channel may enter separation chan- 
nels which are located at larger radii, this being due 
to the axial component of the drag force executed 
on the particles by the gas, assuming that the gas 
enters the separation channel at the same end as 

40 where the collected fluid leaves It. To counteract 
such re-entralnment, one may extend the length of 
any separation channel such that its fluid exit and 
gas inlet extends beyond that of separation chan- 
nels at larger radii. 

45 Application of collecting walls which are placed 
non-parallel to the axis of rotation results in a com- 
ponent of the centrifugal force which acts parallel 
to the collecting boundary and can serve as a 
means for or to enhance the continuous transporta- 

50 tion of collected particles along the wall. In the 
present invention application of such inclined walls 
is limited as these walls cause secondary flows, in 
particular under laminar flow conditions, such sec- 
ondary flows being due to Corlolis forces and being 

55 able to disturb the process of radial migration and 
settling of micron-sized and submicron-slzed parti- 
cles. Expressed in radians, angles of Inclination are 
limited to values which are of the same order of mag- 
nitude as the ratio of the radial width of the separa- 
60 tion channel to its axial length. 

Collection and transportation of solid particles 
can be enhanced by spraying a fluid or mist up- 
stream of the separation channels. Particles can 
then be transported via the fluid film which devel- 
65 ops at the collecting boundaries. 
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To bring the gas in rotation and to minimise pres- 
sure losses over the device, rotary means can be 
installed upstream and downstream of the separa- 
tion channels. The rotary means can consist of vo- 
lutes, stator blades, Impellers, and/or mechanical 
drive. 

Stator and rotor blades installed upstream and 
downstream of the separation channels can also 
serve as a means to control the division of the 
throughput over the various separation channels 
and to prevent internal circulations through the de- 
vice whereby flows In opposite directions occur in 
separate channels. Control of the throughput over 
the separate channels can also occur by Increasing 
the flow resistance over part of the separation 
channels using reduced cross-section, preferably 
at the downstream end of the separation channels. 

Rotation of the gas upstream of the separation 
channels can be employed to separate larger parti- 
cles prior to entrance in the separation channels. In 
this way, the amount and loading per unit time of the 
separation channels can be limited to those parti- 
cles for which the channels are designed. In case 
of batchwtse operation, this enables the time of op- 
eration until removal of collected particles to be In- 
creased. 

The above brief description, as well as other ob- 
jects, features and advantages of the present In- 
vention will be more fully appreciated by reference 
to the following detailed description of presently 
preferred, but nonetheless illustrative embodi- 
ments, when taken in conjunction with the accompa- 
nying drawings wherein: 

Fig. 1 is a strongly simplified perspective view of 
the rotating particle separator used in the method 
according to the present invention. 

Figs. 2--5 are enlarged perspective views of four 
examples of configurations of separation channels 
according to the present invention which can be em- 
ployed in the construction of Fig. 1 . 

Figs. 6-7 are sectional views of a variation of 
the configurations shown in Figs. 1-43. 

Fig. 8 is a sectional view of the rotating particle 
separator used in the method according to the 
present invention, extended with inlet and outlet ar- 
rangements. 

Figs. 9-10 are sectional views of the inlet and out- 
let arrangement of the construction of Fig. 7. 

Fig. 11 Is a sectional view of a variation of the 
separator shown in Fig. 8. 

The strongly simplified perspective view of the 
rotating particle separator (3,000 revolutions per 
minute) used in the method according to the present 
Invention shown in Fig. 1 comprises a cylindrical 
housing 1 in which a centrifuge 2 is mounted on a 
shaft 3 supported by bearings 4 and 5. The centri- 
fuge consists of a large number of axially extending 
separation channels, in parallel arranged to the ro- 
tation axis, said separation channels having singly 
connected cross-sections and being dimensioned 
such that laminar flow exists. Enlarged perspective 
views of four examples of configurations of said 
separation channels are shown in Figs. 2-5. 

The configuration of separation channels shown 
in Rg. 2 consists of a large number (2, 000) of cylin- 



drical pipes 6 (length 0.5-2 m, diameter 1-5 mm) 
which can be fixed together and which can be con- 
tained Jn a co-rotating cylindrical duct 7. 
The configuration of separation channels shown 

5 in Fig. 3 involves a structure of almost rectangular 
channels 8. This configuration could be manufac- 
tured by enrolling plate with square-shaped profile 
around a shaft. 
The configuration of separation channels shown 

10 In Fig. 4 comprises a cylinder which is axially perfo- 
rated by a large number of channels 9. This configu- 
ration could be manufactured by applying methods 
of extrusion, molding, injection-molding, or melting. 
The configuration of separation channels shown 

15 In Rg. 5 consists of narrowly-spaced annular 
plates 10, wherein each annulus is divided by at 
least one azimuthally placed axially extending bound- 
ary 11. 

Gas with particles entrained therein is brought in- 
20 to rotation when being led through the separation 
channels 6, 8, 9 or 10, said separation channels ro- 
tating as a rigid body around their joint axis of sym- 
metry 12. Due to the centrifugal force, entrained 
particles move radially, away from the symmetry ax- 
25 Is, and towards the radial outer boundary of the 
separation channel. Particles settle at the outer wall 
while the gas stripped from these particles leaves 
the separation channel. 
Solid particles which settle at the outer collecting 
30 boundary of a separation channel are subjected to 
shear forces executed by the gas, such forces in- 
creasing with decreasing width of the channel 
through which the gas flows. Due to continuous ap- 
plication of the centrifugal force, however, parti- 
35 cles are subjected to wall friction which is larger 
than the gas friction, thus preventing re-entrain- 
ment of particles in the gas flow. Separated parti- 
cles can be removed by stopping the rotation of the 
channels, placing these vertically and employing the 
40 action of gravity or washing. In case of coagulation 
to the walls release of particles from the wall can be 
enhanced by mechanical or acoustic vibration or 
other mechanical forces. 

In the case of fluid particles or droplets, a fluid 
45 film develops at the collecting boundary of the sepa- 
ration channels. If the rotating device is installed 
with its axis of rotation vertically, collected fluid 
flows downwards as a result of gravity, and due to 
the centrifugal force, is propelled outwards when 
50 leaving the separation channel. In the housing 
means can be employed for continuous transporta- 
tion of the separated fluid. 

Rgs. 6 and 7 are sectional views of a variation of 
the configurations shown in Figs. 1-5. Ruld which is 
55 propelled outwards 13 when leaving any separation 
channel may enter separation channels which are lo- 
cated at larger radii, this being due to the axial com- 
ponent of the drag force executed on the fluid by 
the gas, assuming that the gas enters the separa- 
60 tion channel at the same end as where the collected 
fluid leaves it As Indicated in Rg. 7, to counteract 
such re-entrainment, one may extend the length of 
any separation channel such that Its fluid exit and 
gas inlet end extends beyond that of separation 
65 channels at larger radii. 
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Collection and transportations of solid particles 
can be enhanced by spraying a fluid or mist up- 
stream of the separation channels. Particles can 
then be transported via the fluid film which devel- 
ops at the collecting boundaries. 

Fig. 8 is a sectional view of the rotating particle 
separator according to the present invention ex- 
tended with inlet and outlet arrangements. The rotat- 
ing particle separator consists of centrifuge 14 
which contains a large number of axially extending 
singly-connected separation channels 15, In parallel 
arranged to the rotation axis 16. Examples of config- 
urations of separation channels are shown in the 
previously discussed Figs. 2-5 and 7. 

The centrifuge is fixed to a shaft 17 which is rotat- 
ably mounted in two bearings 18 and 19, and which 
can be externally driven at 20. Seal 21 limits possible 
leakage between centrifuge 14 and housing 22. 

In Figs. 9 and 10, sectional views ar presented of 
the inlet and outlet arrangement of the construction 
shown in Rg. 8. The inlet arrangements consists of 
a tangential volute 23, an impeller 24 with blades 25, 
fixed to shaft 17, and an exit 26 for removing sepa- 
rated particles. The outlet arrangement shown in 
Rg. 10 consists of a tangential volute 27, and a im- 
peller 28 with blades 29 fixed to shaft 17. 

The Impellers in the inlet and outlet arrangements 
rotate as a rigid body with the centrifuge. The inlet 
impeller can serve as a means to bring the gas into 
the rotation of centrifuge 14, to divert the flow in ax- 
ial direction and to devide to throughput over the 
various separation channels of centrifuge 14. The 
outlet impeller can form part of an energy reclaiming 
device in which rotation Is transferred Into transla- 
tion via volute 27, the translation being transferred 
into pressure via diffuser 30. 

Volute 23 can also serve as a means for trans- 
porting the particles which are collected in the sepa- 
ration channels of centrifuge 14. These particles 
can be removed according to previously described 
methods: for example, in case of solid particles, by 
stopping the rotation periodically and keeping the 
centrifuge upright. Release of particles which are 
coagulated to the collecting boundary of the separa- 
tion channels can be enhanced by applying vibrator 
31, and subsequently sucking released particles via 
exit 26, which is provided with valve 27. 

The configuration shown in Figs. 8-10 can also be 
employed to dry or demist gases. Due to expansion 
of the gas when being led through volute 23 and Im- 
peller 24 of the inlet arrangement shown in Fig. 9, 
the temperature drops and condensate droplets 
may form. Due to centrifugation, these droplets are 
stripped from the gas while passing through separa- 
tion channels 15. 

Rg. 11 Is a sectional view of a variation of the 
separator shown in Fig. 8. A cyclone Is installed up- 
stream of the rotating particle separator according 
to the present invention. The swirl of the gas in the 
cyclone serves both as a means to centrifugate the 
larger particles to wail 32, which are subsequently 
removed via exit 33, and to provide the momentum to 
rotate centrifuge 34 of the rotating particle separa- 
tor according to the present invention. The centri- 
fuge is rotatably mounted to shaft 35 via bearings 



36 and 37. Particles which are collected within sepa- 
ration channels 38 of the rotating particle separator 
can be. removed adopting previously explained meth- 
ods and can be transported via exit 33. The tangen- 
tial momentum of the gas leaving the rotating parti- 
cle separator can be converted Into pressure using 
stator blades 39. 

The rotating particle separators shown in Rgs. 8- 
11 can be applied to remove particulate matter from 
combustion gases produced in the burning of coal. 
In case of a coal-fired power plant with a thermal 
power of 100 megawatt, about 1 000 kilograms per 
hour of fly-ash have to be collected from approxi- 
mately 30 cubic meters per second of combustion 
gases. Approximately 10% of the fly-ash involves 
particles with cross-sectional dimensions of 10 mi- 
cron or less. Using two separation units according 
to Figs. 8-10 whereby each unit handles half of the 
amount of combustion gases produced and where 
each unit rotates with an angular velocity of 50 radi- 
ans per second and has a peripheral radius of 1 me- 
ter, particles of cross-sectional dimensions of 10 mi- 
crometers and larger can be stripped in an Inlet ar- 
rangement with an axial length of about 1.5 meter. In 
case separation channels 15 which consist of circu- 
lar or square pipes of Internal diameter or width of 3 
millimeters, respectively, and of axial length of 2 me- 
ters, almost all particles with a diameter of 1 mi- 
crometre and larger, and approximately half of the 
particles with a diameter between 1 and 0.5 microme- 
tre will be collected within the separation channels. 
Each rotatable particle separator comprises about 
200,000 separation channels which could, for exam- 
ple, be fabricated by enrolling profiled plate around 
a shaft About every 6 hours the rotation of the 
separator has to be stopped In order to remove col- 
lected particles. During this period, a third standby 
rotating separator can be employed. The volume re- 
quired by the three separators Is not more than 3 
percent of that of conventionally applied fly-ash 
collecting systems such as electrostatic precipita- 
tors or baghouse filters in combination with cy- 
clones. The power loss over the rotating separa- 
tors is approximately 30 kilowatts, which Is only 0.03 
percent of the thermal power of the plant consid- 
ered. 

The size of the rotating particle separator is di- 
rectly related to the amount of gases to be treated 
and is small In comparison with conventional particle 
collecting systems. For a coal fired combustion unit 
of 1 megawatt thermal power, two particle separa- 
tors can be used, one rotating and one standby, 
each separator having a peripheral radius of ap- 
proximately 0.15 meter and a length of approximately 
0.5 meter. The peripheral velocity is 50 meters per 
second in which case a collection efficiency of par- 
ticles similar to that quoted for the 100 megawatts 
plant is achieved. The power loss remains low, of a 
value of around 0.03 percent of the thermal power 
generated. 

The degree by which small sized particles can be 
collected using the rotating particle separator can 
be improved by increasing angular velocity, reduc- 
ing the radial width of the separation channels, in- 
creasing their length, and reducing the throughput 
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per channel. For example, doubling the angular ve- 
locity and length of the previously discussed rotat- 
ing particle separator, and halving the radial width 
of the separation channels and the throughput per 
unit area, it is possible to separate almost ail parti- 
cles with a diameter of 0.2 micrometre and larger 
and almost 50% of all particles with a diameter be- 
tween 0.2 and 0.1 micrometre. 

The rotating particle according to the present in- 
vention provides an attractive means to separate 
particulate matter with diameters in the range of 0.1 
to 5 micrometers, from gases, the device being limit- 
ed in size, involving low energy consumption and al- 
lowing high throughput. Application of the rotating 
particle separator according to the present inven- 
tion is particularly attractive in those areas where 
conventional systems are limited, such as in case of 
removal of particulate matter from gases of high 
temperature or from corrosive gases, or particu- 
late matter which is limited in electrostatic loadability. 

Applications for the present invention are: re- 
moval of particulate matter from combustion gases 
of coal-fired power plants; high-temperature clean- 
ing of gases from coal - gasification plants and 
pressure-rised fluid bed combustors; separation of 
dust particles from the intake air of turbines, com- 
pressors and engines; provision of clean-room con- 
ditions for hospitals, laboratories, living accomoda- 
tions of people with respiratory affections, etc.; 
dust removal in industries such as cement-, alumini- 
um- and asbestos production; collection of small 
particulate matter in chemical and pharmaceutical 
processes; drying of gases by separating conden- 
sate droplets; separation of radio-active particles 
from contaminated gases; and removal of soot and 
other particulate matter from combustion gases of 
diesel-fired engines. 

Claims 

1. A method of separating particulate material 
having a cross-sectional dimension from about 0.1 
to about 5 micrometer from gas using a rotational 
separator comprising: a housing having a gas Inlet, 
a gas outlet, and an outlet for separated particulate 
material; a centrifuge mounted for rotation In said 
housing and comprising separation channels which 
extend parallel to a common rotation axis; and means 
for rotating the centrifuge, wherein the separation 
channels are provided with singly-connected cross 
sections over a substantial part of the axial separa- 
tion channel length, and the hydraulic diameter and 
the average axial gas velocity in the separation 
channels are selected in mutual dependence such 
that the Reynolds number is less than 2400 so that 
the gas passes through the separation channels in 
a laminar flow. 

2. Method as claimed in claim 1, wherein the Rey- 
nolds number is less than 2300. 

3. Method as claimed in claim 1 or 2, wherein the 
separation channels consist of at least hundred 
channels having a circular cross-section. 

4. Method as claimed in claim 1 or 2, wherein the 
separation channels are formed by at least hundred 
channels having a non-circular cross-section. 



5. Method as claimed in claim 4, wherein the sepa- 
ration channels are formed by at least hundred 
channels perforated in a massive cylinder. 

6. Method as claimed in claim 1 or 2, wherein the 
5 separation channels consist of at least ten narrowly 

spaced concentric cylinders, each annulus between 
two adjacent cylinders being divided by at least one 
azimuthally placed axiaily extending partition. 

7. Method as claimed in any of the preceding 
10 claims, wherein the downstream end of a separation 

channel extends axiaily beyond the downstream end 
of separation channels arranged at a larger radius 
of the rotational axis. 

8. Method as claimed in any of the preceding 
15 claims, provided with upstream and/or downstream 

installed volutes and/or stator blades. 

9. Method as claimed in any of the preceding 
claims, provided with upstream and/or downstream 
installed impellers. 

20 10. Method as claimed in any of the preceding 
claim, wherein a pre-separator is installed upstream 
from the separation channels. 

Patentanspruche 

25 

1. Verfahren zum Abscheiden von Partikein mit 
einem Durchmesser von etwa 0, 1 bis 5 Mikrometem 
aus einem Gas mit Hilfe eines rotlerenden Abschel- 
ders mit einem einen GaseinlaB, einen GasauslaB 

30 und einen Austritt (26) flir die abgeschiedenen Par- 
tikel aufwelsenden GehSuse (1), einer drehbar in 
dem Gehause (1) angeordneten Zentrifuge (2), wo- 
bei die Zentrifuge (2) sich parallel zu elner gemein- 
samen Drehachse (12, 16) erstreckende Abscheide- 

35 kanSle (6, 8, 9, 15) aufweist, und elner Vorrichtung 
zum Drehantrieb der Zentrifuge (2), wobei die Ab- 
scheidekanale (6, 8, 9, 15) Qber einen wesentlichen 
Tell ihrer axialen Erstreckung hinweg einzeln ver- 
bundene Querschnitte aufweisen und wobei der hy- 

40 drauilsche Durchmesser und die durchschnittliche 
axiale Gasgeschwlndlgkelt in den AbscheldekanSlen 
(6, 8, 9, 15) in gegenseitiger Abhanglgkeit derail 
ausgewShlt sind, daB die Reynolds Zahl unter 2400 
llegt, so daB das Gas in Form einer Laminarstrd- 

45 mung durch die Abscheidekanale (6, 8, 9, 1 5) stromt. 

2. Verfahren nach Anspruch 1, wobei die Reyn- 
olds Zahl unter 2300 liegt. 

3. Verfahren nach Anspruch 1 oder 2, wobei die 
Abscheidekanale (6, 9, 15) aus mindestens hundert 

50 Kanaien mit einem kreisfbrmigen Querschnitt beste- 
hen. 

4. Verfahren nach Anspruch 1 oder 2, wobei die 
Abscheidekanale (8) aus mindestens hundert Kana- 
len mit einem nlcht kreisffirmigen Querschnitt beste- 

55 hen. 

5. Verfahren nach Anspruch 4, wobei die Ab- 
scheidekanale (8) aus mindestens hundert in einen 
masslven Zylinder eingebohrten Kanaien bestehen. 

6. Verfahren nach Anspruch 1 oder 2, wobei die 
60 Abscheidekanale aus mindestens zehn mit geringem 

Abstand zueinander angeordneten konzentrischen 
Zylindem (10) bestehen und wobei jeder RIngraum 
zwischen zwei benachbarten Zylindem (10) durch 
zumindest eine sche'rtelwinkelig angeordnete, sich 
65 axial erstreckende Begrenzung (1 1 ) unterteilt 1st 



6 



11 



EP 0 286 160 B1 



12 



7. Verfahren nach einem der AnsprOche 1 bis 6, 
wobel sich das abstrttmseltlge Ende elnes Abschel- 
derkanals In axlaler RIchtung gesehen bis hinter das 
abstramseitlge Ende der mh einem gr6Beren Radius 
urn die Drehachse (16) angeordneten Abscheideka- 
nale erstreckt. 

8. Verfahren nach einem der AnsprOche 1 bis 7, 
wobei anstrfimseitig und/oder abstrdmseitlg 
Schnecken (23. 27) und StatorflOgel (25, 39) vorge- 
sehen slnd. 

9. Verfahren nach einem der AnsprOche 1 bis 8, 
wobel anstrflmseltig und/oder abstrdmsettig FlOgel- 
rader (25, 28) vorgesehen slnd. 

10. Verfahren nach einem der AnsprOiche 1 bis 9, 
wobel in Strdmungsrichtung gesehen vor den 
Abscheldekanalen ein Vorabscheider vorgesehen 
1st 

Revendicatlons 

1 . Procede de separation d'une matidre particulal- 
re ayant une dimension en coupe comprise entre 0,1 
et 5 fim environ, d'un gaz, par utilisation d'un sepa- 
rates rotatlf, comprenant un bottler ayant une en- 
tree de gaz, une sortie de gaz et une sortie de matu- 
re particulate separee, un organe de centrifuga- 
tion montd afin qull toume dans le boltier et 
comportant des canaux de separation qui sont paral- 
lels a un axe commun de rotation, et un dlspositif 
d'entratnement en rotation de Porgane de centrifu- 
gation, les canaux de separation ayant des sections 
raccordees separement sur une parti e importante 
de ia longueur axlale des canaux de separation, le 
diamdtre hydraulique et la Vitesse axiaie moyenne 
du gaz dans les canaux de separation etant cholsis 
mutuellement afin que le nombre de Reynolds soit in- 
ferieur a 2 400, si bien que le gaz s'ecoule dans les 
canaux de separation en formant un ecoulement la- 
minaire. 

2. Procede seion la revendlcation 1, dans lequel 
ie nombre de Reynolds est inferieur a 2 300. 

3. Proc6d6 selon la revendication 1 ou 2, dans le- 
quel les canaux de separation sont formes par au 
molns cent canaux ayant une section circulate. 

4. Precede selon la revendication 1 ou 2, dans le- 
quel les canaux de separation sont formes par au 
molns cent canaux ayant une section non circulate. 

5. Procede selon la revendication 4, dans lequel 
les canaux de separation sont formes par au moins 
cent canaux perfores dans un cylindre massif. 

6. Procede selon la revendication 1 ou 2, dans le- 
quel les canaux de separation sont formes par au 
moins dix cylindres concentriques tr&s rapproches, 
chaque canal forme entre deux cylindres adjacents 
etant dlvise par au moins une cloison axiaie d'orien- 
tation azimutale. 

7. Procede selon Tune queiconque des revendi- 
cations precedentes, dans lequel I'extremite aval 
d'un canal de separation depasse axialement I'extre- 
mite aval des canaux de separation places a une 
plus grande distance radiate de Paxe de rotation. 

8. Procede selon Tune queiconque des revendi- 
catlons precedentes, ayant. des organes spiralis 
et/ou des pales de stator places en amont et/ou en 
aval. 



9. Procede selon Tune queiconque des revendi- 
catlons pr6c6dentes, ayant des roues monies en 
amont et/ou en aval. 

10. Proced6 selon Tune queiconque des revendi- 
5 cations precedentes, dans lequel un s6parateur 

prealable est monte en amont des canaux de separa- 
tion. 
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